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TruvlewOF RECENT
W WEVELOPMENTS

Oxidaton-Resistant Coatings
ut$, ~for Refractory Metals

tow t.tt %pac1"a expa't. 6w r . WO 0"2. C. Allen to April 17 1966

i,. ArI Wi&VEL-PM1NT FOR O ULDAPIUM ALLOYS between the outer and barrier layers were not bene-
ficial. The outer cladding layers gave cyclic

W~risults of an investigation on Improving self- oxidation resistance of over 600 hourn at 2100 F

,,jp tierativo cratingti for rolutbium involing zinc and about 100 hours *I 2300 F, with the elumint7,ed

tglvo t.en reported.l) One approach was to add a NI-7OCr-20W alloy giving the best performance.
third ,lrment (aluminum or ntckol) to lower the Rapid oxidation occurred at 2400 F. After expowrc
vapor pre',,ure of zinc. Tho temperature limit for for 100 hours at 2100 F, the bend du.tile-brittle
ydlrlatinn reoli.tsnca was raieed about l50 r. Re- transition temperature was a minimum of about IW)t I

;,la$rmfnt of zinc by magnosirim and addition of a After exposure at 2300 F, edge cracking was obterved

hrrd Pl'ment (copper, nickel, iron, silicon, or and the transition was over 1(00 F. The machanicfs

ari.rnny) were unsuccessful. Formation of CbS12  of embrittl~emnt included metallic lnterdlffulon as

In a nolten zinc-aluminum bath In the presence of 9100 F and by both interdiffusion and nitrogen con-

,I; roe,,ltod in oxidation protection for 50 hours tamination at 2300 F.
i.. :1!,(Y) F. Binary alloying 4 the substrate with

lip to 110 percent vinadium, 5 percent chromium, or DAT1NG PROTECTION FOR TlIEFM4IOC DIODES
., porc(.vnt zirconium offered no improvement. How-

ndr, addition of 10 to 15 percent titanium not In its development of thermonic diodes for

only lave about a 10 percent increase In oxidation operation in hot oxidizing gases, Consolidated

1-ii, hut alto eliminated the "silicide pest" be- Controls is deve aping coatings for protecting re-

tnvlor at 11o) to 1650 F. fractory metals.15 Elimination of free silicon

made possible an impermeable grade of pyrolytic
V.I I , D-VELOMUlET FOR QIRClIUM ALLOYS SiC, which appears to be of adequate quality for use

at 2550 to 2900 F in air as & barrier envelope.
Under NASA sponsorship, Chromalloy(2) has In- Thii material demonstrated the required thermal

.I'+Aigated a variety of pack cementation azinum- shock qualities, corrosion resistance, and adequate

, .oatings for the protection of Cr-SW-O.lY permeation levels. Also developed was a multi-
0, .t..) Of the systems studied, a siple aluminum element system consisting of iridium overlayed with

(t;r5AI1 - type) and iron-aluminum [ (Fe-Cr)xlv n C&O-stabilized ZrO2 for protecting tungsten In air

typJ t;eve the best results. Under cyclic air at 360 F for 2 to 5 hours. The protection con-

,Yi;oation, these systems survived over 600 hours capt involved maintenance of a finite partial pres-

At 2100 F, compared with 100 hours for the uncoated sure cf iridium oxide within the coating by impeding

allcy. Oxidation life was about 200 hours at 2400 F. veporization.
'tler dynamic conditions of a mach 0.5 flame and
'tt) rpm rotation, the systems tended to fail in a- SP~r;CRAFT APPLICATIONS
1,I;jt 10 hours at 2100 F. Protectiveness of the

,.yctemo was closely related to AlCr20 4 and FPO.Ai. Mrtin-arietta tons used coated columbium
f.r'h/V-type spinel formation which also limited allys in brazed honeycomb sandwich panels on the

roltrclen penetration. By causing substrate re- low*r w1r,3 surface of a 1/3-scale podel of a high

r(ystallization, the coating process increased the L/D winged reentry vehicle, ASCEp. 
6) Vacuum

I-d dutile-brittle transition temperature (no brazing and coating D-43 alloy with pack cementation

f.,ra,ki produced in a 90 to 105-degree bend) from TRW Cr-Ti-Si seriously degraded the alloy. Sub-

ai,-it '!4)) to 800 F. Howevor, the oxidation ex- stitutlon of Sylvania Si-2OCr-5TI slurry coating

ra red the transition to above 1600 F, gave better coating uniformity and reasonable oxide-

primarily because of aluminumn diffusion into the tion protection. However, considerably more effort

-,b')trate, and secondarily because of atmosphere is required to develop a reliable material-coating
'".)tIrlnatinn of the coating. system for flight applications.

Al,, under IJASA sponsoxehip, Bottel e-Columbijs
s'r. irv.,tigsted protection f C .W-0.IY 3 ) using

qa'.-pr., ouro-bonded alloy foil..,t 4) The outer 5
t,) 1 mtl-vt i. layer consisted of IM-30rr or Ni-
ryr- - )W which were modified wIth 3 to 5 percent

,u*umtwj In some cases. The 3tudy also included

tArrlrr layers of molybdenum, W-lThO2, W-25Re1, and .

t.mqrs.tirri, with the latter being the most useful in

; rvontlne interdiffution of nickel and chromium.
g 'jitihlity layers of platinom or vanadium
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